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3RVLWLRQLQJ6\VWHPIRU:LUHOHVV6HQVRU1HWZRUNVZLWK/RFDWLRQ
)LQJHUSULQWLQJ

'L&DR+RFN*XDQ*RK0LFKDHO*LOUR\.DH+VLDQJ.ZRQJ&UDLJ0LFKLHDQG,YDQ$QGRQRYLF
&HQWUHIRU,QWHOOLJHQW'\QDPLF&RPPXQLFDWLRQV
'HSDUWPHQWRI(((5R\DO&ROOHJH%XLOGLQJ*HRUJH6WUHHW*ODVJRZ8QLWHG.LQJGRP*;:

$EVWUDFW$EVWUDFW7KLV ZRUN DGGUHVVHV WKH LVVXH RI ZLUHOHVV VHQVRU QHWZRUN SRVLWLRQLQJ XVLQJ
ORFDWLRQILQJHUSULQWLQJ,QWKHSUHVHQWLPSOHPHQWDWLRQ5HFHLYHG6LJQDO6WUHQJWK,QGLFDWLRQ566,
ZDV VHOHFWHG DV EHLQJ WKH RQO\ SUDFWLFDO PHDVXUHPHQW DYDLODEOH 0HWKRGV WKDW UHTXLUH DFFXUDWH
WLPLQJ LQIRUPDWLRQ HJ WLPH RI IOLJKW DUH QRW IHDVLEOH JLYHQ WKH FRQVWUDLQWV RI VHQVRU QRGHV 7KLV
LPSRVHVOLPLWDWLRQVRQWKHSHUIRUPDQFHRIWKHORFDWLRQEDVHGDOJRULWKPEXWWKHVHFDQEHPLWLJDWHG
XVLQJILQJHUSULQWLQJPHWKRGV7KH ORFDWLRQPDSSLQJLVGRQHWKURXJKSKDVHVWKHRIIOLQHDQGWKH
RQOLQH SKDVHV ,Q WKH RIIOLQH SKDVH D JULG LV GHILQHG PDQXDOO\ VXFK DV $UHD  $UHD  $UHD
 « DQG  VLQN QRGHV DUH VHWXS DW HDFK FRUQHU RI WKH JULG $ PRELOH VHQVRU QRGH 061 LV
SRVLWLRQHG LQ HDFK RI WKH JULGV VHTXHQWLDOO\ DQG  GDWD SDFNHWV DUH WUDQVPLWWHG DQG XVHG WR
FKDUDFWHUL]H LQ WHUPV RI WKH 566, FROOHFWHG DW WKH  VLQN QRGHV 7KH DYHUDJH RI 566, YDOXH LV
FDOFXODWHGDQGVWRUHGLQDFHQWUDOEDVHVWDWLRQ,QWKHRQOLQHSKDVHWKHIRXUVLQNQRGHVDUHUHPDLQHG
DQG D VHQVRU QRGH LV UDQGRPO\ SXW DW DQ\ ORFDWLRQ RI WKH JULG 2QFH WKH 566, GDWD SDFNHWV DUH
GHWHFWHGIURPWKHPRELOHQRGHWKH(XFOLGHDQ'LVWDQFH('IRUHDFKGHILQHGDUHDVWRUHGLVVWRUHG
DQGSURFHVVHGWRLGHQWLI\WKHQRGHORFDWLRQ 

,1752'8&7,21
:LUHOHVVVHQVRUQHWZRUNV:61V>@DUHQHWZRUNVWKDWGHSOR\KXQGUHGVRUWKRXVDQGVRIZLUHOHVVVHQVRUVLQ
DSUHGHILQHGDUHDWKDWFDQFRPPXQLFDWHZLWKHDFKRWKHU WRGHWHFWIRUH[DPSOHWKHDPELHQWHQYLURQPHQW(DFK
VHQVRU LVFRPSRVHGRI WKHIRXUEDVLFHOHPHQWV WUDQVPLWWLQJXQLWSURFHVVLQJXQLWSRZHUXQLW DQGVHQVLQJXQLW
7KHPDLQWDVNRIHDFKVHQVRULVWRGHWHFWHYHQWVSHUIRUPDUHVWULFWHGVHWRIORFDOGDWDSURFHVVLQJWDVNVDQGWKHQ
WUDQVPLW WKH GDWD 7KLV WHFKQRORJ\ LV VWLOO LQ LWV LQIDQF\ DQG PXFK UHVHDUFK LV EHLQJ FRQGXFWHG LQ UHODWLRQ WR
RSWLPL]LQJ WKHPHGLXPDFFHVVSURWRFROURXWLQJDOJRULWKPV WUDQVSRUWPHFKDQLVPVDQGDGDSWDWLRQLQWRYDULRXV
DSSOLFDWLRQ GRPDLQV ,Q WKLV ZRUN WKH IRFXV LV SODFHG RQ DOJRULWKPV WKDW FDQ EH XVHG WR PDS WKH ORFDWLRQ RI
VHQVRUQRGHV.QRZOHGJHRIWKHORFDWLRQRIWKHVHQVRUQRGHFDQEHFULWLFDOO\LPSRUWDQWHVSHFLDOO\LQDSSOLFDWLRQV
ZKHUHWLPHFULWLFDOUHVSRQVHLVUHTXLUHGHJILUHGHWHFWLRQ 
6HYHUDOPHWULFVFDQEHXVHGIRU ORFDWLRQPDSSLQJVXFKDVWLPHRIDUULYDO72$WLPHGLIIHUHQFHRIDUULYDO
7'2$ DQJOH RI DUULYDO $2$ DQG UHFHLYHG VLJQDO VWUHQJWK 566 >@ 72$ LV EDVHG RQ WKH HVWLPDWLRQ RI
SURSDJDWLRQWLPHEHWZHHQDWUDQVPLWWHUDQGDWOHDVWWKUHHUHFHLYHUV7'2$XVHVWKHVLPLODUWHFKQLTXHDV72$E\
WDNLQJ WKH DGYDQWDJH RI D WLPH GLIIHUHQFH XSRQ VLJQDO UHFHLYHG E\ HDFK UHFHLYHU %\ XVLQJ WKH WULDQJXODWLRQ
PHWKRG >@ WKH SRVLWLRQ RI WKH WUDQVPLWWHU FDQ EH ORFDWHG +RZHYHU DOO RI WKHVH UHTXLUH KLJKO\ SUHFLVH WLPH
V\QFKURQL]DWLRQEHWZHHQVHQVRUQRGHVDQGWKLVLVQRWDOZD\VSRVVLEOH7KHUHIRUH72$DQG7'2$DUHXQDEOHWR
EHXVHGIRULQGRRUORFDWLRQPDSSLQJ$2$SRVLWLRQLQJWHFKQLTXHXVHVWKHDQJOHRIWKHDUULYDOVLJQDOUHFHLYHGE\
PRUHWKDQWKUHHUHFHLYHUV7KLVPHWKRGUHTXLUHVGLUHFWLRQDODQWHQQDDQGJHRPHWULFUXOHVWRFDOFXODWHDGLVWDQFH
:61 DUH JHQHUDOO\ E\ GHIDXOW HTXLSSHG ZLWK RPQLGLUHFWLRQDO DQWHQQDH WKHUHIRUH LW LV LPSRVVLEOH WR WHOO WKH
GLUHFWLRQRIZKHUHWKHVLJQDOFRPHVIURP$2$QHHGVOLQHRIVLJKWFRQGLWLRQWRDFKLHYHWKHDFFXUDF\ZKLFKLV
QRWVXLWDEOHWREHDSSOLHGIRULQGRRUHQYLURQPHQW7KHVHQVRUQRGH¶VSK\VLFDOKDUGZDUHPDLQO\FRPSULVHVRIORZ
VSHFLILFDWLRQDQGORZFRVWFRPSRQHQWVWRIDFLOLWDWHPDVVSURGXFWLRQZKLFKLQWXUQPDNHVODUJHVFDOHPRQLWRULQJ
FRVWHIIHFWLYH$VGHVFULEHGDERYHWKLVKDVFUHDWHVVLJQLILFDQWFKDOOHQJHVLQORFDWLRQPDSSLQJIRUVHQVRUQRGHV
7KHUHVHDUFKSUHVHQWHGKHUHKDVIRFXVHGRQXVLQJUHFHLYHGVLJQDOVWUHQJWKDVWKHPDLQVRXUFHLQHVWLPDWLQJWKH
WUDYHOLQJ GLVWDQFH IRU WKH UHFHLYHG SDFNHW DQG LQYHVWLJDWHV SRVLWLRQLQJ DOJRULWKPV EDVHG RQ UHFHLYHG VLJQDO
VWUHQJWK LH ORFDWLRQ ILQJHUSULQWLQJ ,Q SRVLWLRQLQJ V\VWHPV ORFDWLRQ ILQJHUSULQWLQJ LV DOVR UHIHUUHG DV SDWWHUQ
PDWFKLQJRIUDGLRVLJQDWXUH5DGLRIUHTXHQF\5)ILQJHUSULQWLQJGRHVQRWUHTXLUHDQ\KDUGZDUHPRGLILFDWLRQVWR
WKHVHQVRUQRGHDQGLQFRPSDULVRQWRRWKHUDOJRULWKPVLWLV UHODWLYHO\LPPXQHWRHQYLURQPHQWDO LQIOXHQFHVWKDW
FDXVHVLJQDODWWHQXDWLRQVXFKDVPXOWLSDWKIDGLQJVKDGRZLQJUHIOHFWLRQDQGQRQOLQHRIVLJKWUHFHSWLRQ
7KLVSDSHU IRFXVHVRQ FKDOOHQJHV WKDW UHODWH VSHFLILFDOO\ WR WKH ORFDWLRQPDSSLQJRIZLUHOHVV VHQVRUQRGHV
LQFOXGLQJ UDGLR SURSDJDWLRQ RI ORZ VSHFLILFDWLRQ :61 KDUGZDUH DFFXUDF\ RSHUDWLRQDO UDQJH DQG LPSDFW RI
HQYLURQPHQWDO IDFWRUV 7KH RSWLPL]HG SRVLWLRQLQJ V\VWHP IRU :61 LV GRFXPHQWHG DQG UHVXOWV JDLQHG IURP
H[SHULPHQWEDVHGRQ*+],(((:61SODWIRUPLVSURYLGHG
7KH UHPDLQGHU RI WKH SDSHU LV RUJDQL]HG DV IROORZV ,Q VHFWLRQ  WKH 5) FKDUDFWHULVWLF LV GLVFXVVHG 2XU
SURSRVHGORFDWLRQILQJHUSULQWIRU:61LVSUHVHQWHGLQVHFWLRQ([SHULPHQWDQGUHVXOWDUHLQFOXGHGLQVHFWLRQ
DQGILQDOO\RXUFRQFOXVLRQVDUHSUHVHQWHGLQVHFWLRQ 

5)&+$5$&7(5,67,&6
,QLGHDOUDGLRSURSDJDWLRQWKHUDGLRVLJQDOLVWUDQVPLWWHGLQDGLUHFWOLQHEHWZHHQDWUDQVPLWWHUDQGDUHFHLYHU
7KLVµIUHHVSDFH¶VFHQDULRLVFRPPRQO\XVHGXVHGWRDQDO\]HSURSDJDWLRQORVVEHWZHHQWKH WUDQVPLWWHUDQG WKH
UHFHLYHU +RZHYHU WKLV PRGHO GRHVQ¶W UHIOHFW WKH UHDO ZRUOG HVSHFLDOO\ IRU WKH LQGRRU HQYLURQPHQW ZKHUH
VLJQDOVFDQEHREVWUXFWHGRUUHIOHFWHGE\WKHZDOORUKDUGVXUIDFHPDWHULDO,QDQRWKHUZRUGVVKDGRZLQJDQGIDVW
IDGLQJQHHGWREHWDNHQLQWRFRQVLGHUDWLRQ6KDGRZLQJRUVORZIDGLQJLVFDXVHGE\EXLOGLQJVDQGWUHHVEORFNLQJ
WKHWUDQVPLVVLRQOLQH7KHVLJQDOZLOOVXIIHULQFUHDVHGORVVHVLQVRPHSDWKVZKLOHRWKHUVZLOOEHOHVVREVWUXFWHGRU
UHFHLYHDKLJKHUVLJQDOVWUHQJWK)DVWIDGLQJWDNHVSODFHLIWKHUHFHLYHGVLJQDOFKDQJHVVKDUSO\DVWKHPRELOHXVHU
PRYHV RYHU GLVWDQFHV ZKLFK DUH VPDOO FRPSDUHG ZLWK WKH VKDGRZLQJ FRUUHODWLRQ GLVWDQFH %RWK RI WKHP ZLOO
FKDQJHWKHUHFHLYHGVLJQDOKHDYLO\ZKLFKPDNHVWKHDQDO\VLVRIWKHVHVLJQDOVFRPSOLFDWHG
([SHULPHQWDOGDWDIURP566,PHDVXUHPHQWVDUHFRPSDUHGZLWKDIUHHVSDFHPRGHO  LQ)LJXUH7KHIUHH
VSDFHPRGHOLVGHILQHGDV  U**33 EDWU S
O >@:KHUH U3  LVWKHUHFHLYHGVLJQDOVWUHQJWKDWWKHUHFHLYHU W3  LV
WKH WUDQVPLVVLRQ SRZHU DW WKH WUDQVPLWWHU D*  DQG E*  DUH WKH YDOXHV RI DQWHQQD JDLQ IRU WUDQVPLWWHU DQG
UHFHLYHU  ,Q WKLV H[SHULPHQW3W LV VHW WRG%P D*  DQG E*  DUHHTXDO WRG%L DQGG%L IRU WKH WUDQVPLWWHU
DQGUHFHLYHUUHVSHFWLYHO\ O  UHIHUVWRWKHZDYHOHQJWKRISURSDJDWLRQVLJQDOZKLFKFDQEHGHULYHGIURP I
F O 
ZKHUH F  LV WKH VSHHG RI OLJKW DQG I  LV WKH IUHTXHQF\ SURSDJDWLRQXVHG LQ WKHH[SHULPHQW ZKLFK LV HTXDO WR
0+] U  LVWKHGLVWDQFHIURPWKHWUDQVPLWWHUWRWKHUHFHLYHU2XWGRRUPHDVXUHPHQWVZHUHFRQGXFWHGLQDQ
RSHQ ILHOG ZKLOH LQGRRU PHDVXUHPHQWV ZHUH FDUULHG RXW LQVLGH D ODERUDWRU\ )RU ERWK RXWGRRU DQG LQGRRU
PHDVXUHPHQWV WKHDQWHQQDKHLJKWVZHUHPDERYHWKHJURXQG7KHSDWK ORVV IRU WKHRXWGRRUDQG WKHLQGRRU
PHDVXUHPHQWVGRQRWGHJUDGHDVJUDFHIXOO\DV WKHIUHH VSDFHPRGHO7KLV LVGXH WR UHIOHFWLRQVIURPWKHZDOOV
EXLOGLQJVJURXQGDQGRWKHUREMHFWVZKLFKIRUPXODWHFRQVWUXFWLYHDQGGHVWUXFWLYHVLJQDODWWKHUHFHLYHU
           


)LJXUH566,FRPSDULVRQEHWZHHQLQGRRURXWGRRUDQGIUHHVSDFHPRGHOIRUYDULRXVGLVWDQFHV

7DEOH DQG 7DEOH  VKRZ WKH PLQLPXP WKH PD[LPXP WKH DYHUDJH DQG WKH VWDQGDUG GHYLDWLRQ IRU ERWK
LQGRRUDQGRXWGRRUPHDVXUHPHQWV,QWKHH[SHULPHQWZHFDOFXODWHWKHVWDQGDUGGHYLDWLRQLQ566,IRUDOORIWKH
PHDVXUHGVLJQDOV7KHVWDQGDUGGHYLDWLRQLVDPHDVXUHRIWKHGLVSHUVLRQRIDFROOHFWLRQRI566,ZKLFKLVGLUHFWO\
UHODWHG WRGLVWDQFHGLYHUVLW\)RU LQVWDQFH IURPWKHJUDSKZHFDQVHH WKDW WKH LQGRRU ODUJHVWYDOXHRIVWDQGDUG
GHYLDWLRQKDSSHQVDWP7KHIOXFWXDWLRQFDQEHUDQJHIURPG%PWRG%PZKLFKFDQOHDG WRHUURUV
PLQGLVWDQFHHVWLPDWLRQHTXLYDOHQWWRRU*('LQP[PJULGILQJHUSULQWLQJ7KHUHIRUHWKHIOXFWXDWLRQRI
VLJQDOFDQDIIHFWWKHDFFXUDF\RIORFDWLRQPDSSLQJ7KHUHIRUH566,DORQHGRHVQRWSURYLGHVXIILFLHQWLQIRUPDWLRQ
IRUORFDWLRQPDSSLQJ

7DEOH,QGRRUPHDVXUHPHQW
'LVWDQFH
IURP WKH
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P
0LQ
G%P
0D[
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$YHUDJH
G%P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6WDQGDUG
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/2&$7,21),1*(535,17)25:61
7RLPSURYHRQ WKHDERYHZHKDYH LQYHVWLJDWHG D ILQJHUSULQWLQJPHWKRG7KHPHWKRGLV LPSOHPHQWHG LQ
SKDVHVRIIOLQHDQGRQOLQH

$2IIOLQH3KDVH
7KHDUHDWREHPRQLWRUHGLVILUVWRIDOOPDQXDOO\GLYLGHGLQWRJULGV)RURXUFDVHVWXG\ZHXVHG[JULGV
ZLWKHDFKJULGP[PVLQNQRGHVDUHSODFHGDWWKHFRUQHUVRIWKHPRQLWRUHGDUHD$061LV WKHQXVHGWR
FKDUDFWHUL]HWKHJULG)LUVWRIDOOWKHQRGHLVSODFHGDWWKHILUVWJULGDQGEURDGFDVWVDSUHVHWQXPEHURISDFNHWV
7KHSDFNHWVDUHUHFHLYHGE\WKHDOOVLQNQRGHVDQGWKHDYHUDJHRI566,FROOHFWHGIRUHDFKVLQNQRGHVLVFRPSXWHG
DV*66667KLVSURFHVVLVUHSHDWHGIRUWKH061SODFHGDWWKHVHFRQGJULGXQWLOWKHHQWLUHJULGVHWXS
KDVEHHQFKDUDFWHULVHG 

%2QOLQH3KDVH
'XULQJWKLVSKDVHWKHVHWXSRIWKHVLQNQRGHVLVPDLQWDLQHG7KH061LVWKHQUDQGRPO\SODFHGLQDORFDWLRQ
RIWKHGHILQHGJULGDQGEURDGFDVWVDSUHVHWQXPEHURISDFNHWVZKLFKDUHUHFHLYHGE\DOOEDVHVWDWLRQV7KHQHZ
DYHUDJHRI566, LVFRPSXWHG DV V V V V DQG WKHFDOFXODWLRQRI(XFOLGHDQ'LVWDQFH(' 

 ¦  
 
Q
L LL
6V/ 
ZKHUH L  LV WKH QXPEHU RI VLQN QRGHV LV SHUIRUPHG )LQDOO\ WKH VPDOOHVW (' LV VHOHFWHG DQG WKH ORFDWLRQ LV
PDSSHGDFFRUGLQJWRWKHPRQLWRUHGDUHD

(;3(5,0(17$1'5(68/7
,Q RUGHU WR PHDVXUH WKH DFFXUDF\ RI WKH SURSRVHG ILQJHUSULQWLQJ WHFKQLTXH DQ HUURU PHWULF FDOOHG
JULGHUURUGLVWDQFH*('LVLQWURGXFHG$VVXPLQJWKH061LVSODFHGLQWKHPLGGOHRIJULGDIWHUSHUIRUPLQJWKH
ILQJHUSULQWDOJRULWKPLIWKHUHVXOWVKRZVWKDWWKHORFDWLRQLVLQWKHPLGGOHRIWKHJULGWKHJULGHUURUGLVWDQFHZLOO
EH,IWKHORFDWLRQLVLQDFFXUDWHO\HVWLPDWHGE\DJULGGLVWDQFHDZD\WKHJULGHUURUGLVWDQFHZLOOEH7KLVLV
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